Objective: The neutrophil-to-lymphocyte ratio (NLR) has been used as a surrogate marker of systemic inflammation. We sought to investigate the association between NLR and wound healing in diabetic wounds.
Diabetic foot ulcer is a debilitating complication of diabetes mellitus and is the main cause of lower extremity amputations in the diabetic population. [1] [2] [3] Predicting wound healing outcome can lead to better intervention and lower rates of amputation. 4, 5 Several tests have been
shown to predict wound healing in the diabetic foot. 5 The neutrophil-to-lymphocyte ratio (NLR) has recently been shown to predict overall and disease-specific mortality and chemotherapy response in cancer patients. [6] [7] [8] NLR is also shown to be associated with complexity of peripheral arterial disease, 9 systemic endothelial dysfunction, 10 and cardiovascular diseases. 11 No study has investigated the predicting value of NLR for wound healing outcome in diabetic foot ulcers. The objective of this study was to evaluate the association between NLR and treatment outcomes in diabetic foot ulcers.
METHODS
Patients. The protocol was approved by the Institutional Review Board of the Oregon Health & Science University, and informed consent was waived. Subjects referred to the vascular surgery clinic with diabetic foot ulcer from August 2011 to December 2014 were included in the study. After exclusion of those with missing data on their baseline neutrophil or lymphocyte count, 120 ulcers in 101 patients were studied. The ulcers were observed until complete healing, amputation (minor or major), or last clinical follow-up. The last follow-up date in chronic wounds was February 2016.
Definitions. Outcome of ulcers was classified as complete wound healing, minor amputation, major amputation, and chronic wounds. Ulcers that did not reach complete healing or amputation during the follow-up period were considered chronic wounds; ulcers that reached complete healing without amputation were considered complete healing. For analysis purposes, any amputation or chronic wounds were considered nonhealing ulcers. Amputations below the ankle were classified as minor amputations, and amputations higher than this level were defined as major amputations. Wound infection was defined on the basis of the Wound, Ischemia, and foot Infection (WIfI) criteria or a report of a positive result of wound tissue culture. 12 Peripheral arterial disease was determined by meeting one of the following criteria:
1. Ankle-brachial index <0.92 2. Toe-brachial index <0.6 3. Undergoing revascularization as part of current ulcer treatment Time to heal was measured from the baseline evaluation on referral.
Statistical analysis. Numerical data were summarized as mean 6 standard deviation, and categorical variables were summarized as frequency (percentage). Independent samples t-test and one-way analysis of variance were used to compare mean values between two and more than two groups, respectively. In cases of significantly different variances between groups (determined by the Bartlett test for equal variances), the analysis of variance test was replaced with a W test. To evaluate univariate and multivariate associations between NLR and wound healing, binomial generalized estimating equations logit models were constructed with healed/ not healed wounds as outcome variable. There were multiple observations in some cases, so we set the patients' unique id as the identifier cluster variable. Then, standardized values of NLR and other numerical variables were entered in generalized estimating equation models to cope with the inherent patient effect on the results. The multivariate model was adjusted for patients' age, gender, body mass index, smoking status, type of diabetes, systolic blood pressure, serum glucose levels, wound age, wound infection, affected limb, and presence of peripheral arterial disease on referral. We determined the optimal cutoff value for NLR for predicting ulcer outcome with maximum sensitivity and specificity using a nonparametric receiver operating characteristic curve by Youden method. All analyses were done using Stata InterCooled 14.1 for Windows (StataCorp LP, College Station, Tex). P value < .05 was considered significant. Table I shows the baseline characteristics of the study population and a comparison with excluded subjects. Data regarding glycated hemoglobin (HbA 1c ) levels are missing in 21 of 120 (17.5%) of the cases in our study. Therefore, we decided to include the closest fasting blood glucose levels to the baseline evaluation in the models. Looking at the associations between HbA 1c and our main exposure (NLR) and outcome (healing) variables using the available data, HbA 1c was a significant predictor of wound healing (OR, 1.59; 95% CI, 1.14-2.22; P ¼ .01). However, it was not significantly associated with NLR values (b coefficient 6 standard error, À0.18 6 0.26; P ¼ .50).
RESULTS
To reinforce the linear relationship between NLR and ulcer healing, NLR was categorized into three groups with equal numbers of observations. There was a significant trend of decreasing rate of complete wound healing with increasing orders of NLR categories. In fact, 30.0% of the ulcers in the lower NLR tertile healed; this rate was 25.0% for the middle NLR tertile and 5.0% for the higher tertile (P for trend, .02; Fig 2) . We then sought to determine the optimal NLR value to predict wound healing with maximal sensitivity and specificity. The optimal cutoff value of NLR for categorization of wound healing outcome (healed/not healed) was estimated as 4.19 (Youden J 6 standard error, 0.33 6 0.10). Sensitivity of the test at this threshold was 0.63, and the specificity was 0.71 (Fig 3) . 
DISCUSSION
Our study shows that an increased NLR is independently associated with higher odds of nonhealing in patients with diabetic foot ulcer even after adjusting for wound infection and many risk factors.
The NLR is a result of dividing the number of neutrophils to lymphocytes acquired by the differential blood cell count test. It is an inexpensive and more accessible way of evaluating immune system activity compared with many other wound-specific markers, such as matrix metalloproteinases or growth factors. NLR is also stable and resistant to environmental and physiologic changes, such as dehydration, physical activity, and blood sample handling, that affect the results of other markers. 13 NLR has been shown to predict outcome in many diseases. It has been shown to have prognostic value to predict survival in terminal cancer 14 and cardiac mortality in stable coronary artery disease. 15 Lou et al 16 and Shiny et al 17 showed that NLR can be used as an indicator of systemic inflammation in diabetic patients. In other studies, an increased NLR has been associated with a high risk of critical limb ischemia with a high OR even after adjusting for main cardiovascular risk factors. 18, 19 The predictive value of NLR in diabetic wounds has not been well studied. Clinical and experimental studies demonstrate defects in neutrophil and lymphocyte activities in diabetes. [20] [21] [22] NLR is a marker that evaluates both excitatory and inhibitory activities of the immune system. Inflammatory mediators from neutrophils cause endothelial damage; in contrast, lymphocytes have a modulatory effect on neutrophils as well as an antiatherosclerotic role. 23 A high NLR can represent endothelial damage and dysfunction as a result of higher neutrophilic activity. 24 This endothelial dysfunction can lead to worse outcomes in the setting of diabetic wounds. 25 Recently, some studies have shown that NLR can be an indicating marker of infection and its severity. 26, 27 However, in our study, after adjusting for several risk factors including wound infection, blood glucose levels, and cardiovascular risk factors, NLR could predict complete healing with OR of 3.45 (P ¼ .01). This result emphasizes the value of NLR in assessing inflammatory mechanisms other than infection in predicting outcome in diabetic foot ulcers. Different threshold values of NLR have been proposed to predict outcome in different settings. The suggested values generally have been higher than 5. In one study, patients with ischemic limb ischemia and NLR >5 had higher mortality rates during 5 years of follow-up. 28 In another study, NLR $5.25 predicted all-cause mortality with sensitivity and specificity of 69% and 71%, respectively, in patients with chronic critical limb ischemia. 19 Also in another study, preprocedural NLR $5.2 predicted early (within 30 days after surgery) and midterm (total) amputation with sensitivity and specificity of 83% and 64% and 63% and 63%, respectively. 29 Also, NLR >5.67 predicted mortality in acute ischemic stroke with sensitivity and specificity of 81.7% and 65.8%, respectively. 30 Our study suggests that the optimal NLR value for predicting diabetic foot ulcer healing is 4.2; however, this value by itself cannot predict diabetic foot ulcer healing with high sensitivity and specificity (63% and 71%). This study is the first study to show the predictability of NLR for treatment outcome in diabetic foot ulcers. Appropriate inclusion and exclusion criteria make our results reliable and reproducible. As limitations, our study has a relatively small sample size and is retrospective. The retrospective nature of this study also made it difficult to determine the exact size and depths of wounds, and therefore the full effect of wound size and depth may not be apparent in our statistical model. The NLR by itself cannot predict healing of diabetic foot ulcer with high sensitivity and specificity (63% and 71%; area under the curve, 0.68). However, it is one independent factor of diabetic foot ulcer healing that may be important in the ability to predict wound healing when it is added to other known factors, such as wound infection, wound size, and wound ischemia. In addition, treatment of diabetic ulcers was at the discretion of the treating surgeon; therefore, there was variability in use of débridement, offloading, dressing, and vascular procedures. Therefore, the confounding effect of differences in treatment cannot be determined from this study. Also, excluding subjects with lower infection rates and lower blood glucose levels could potentially affect the results. However, including patients with worse glycemic control and wound infection can underestimate the predictability of NLR rather than overestimate it.
CONCLUSIONS
Our study shows that NLR is an independent predictor of outcome in diabetic foot ulcers. NLR <4.2 can predict complete wound healing with sensitivity of 63% and specificity of 71%.
